Nitrogen-fixing microbial populations in a Douglas fir forest on the western slope of the Oregon Cascade Mountain Range were analyzed. The complexity of the nifH gene pool (nifH is the marker gene which encodes nitrogenase reductase) was assessed by performing nested PCR with bulk DNA extracted from plant litter and soil. The restriction fragment length polymorphisms (RFLPs) of PCR products obtained from litter were reproducibly different than the RFLPs of PCR products obtained from the underlying soil. The characteristic differences were found during the entire sampling period between May and September. RFLP analyses of cloned nifH PCR products also revealed characteristic patterns for each sample type. Among 42 nifH clones obtained from a forest litter library nine different RFLP patterns were found, and among 64 nifH clones obtained from forest soil libraries 13 different patterns were found. Only two of the patterns were found in both the litter and the soil, indicating that there were major differences between the nitrogen-fixing microbial populations. A sequence analysis of clones representing the 20 distinct patterns revealed that 19 of the patterns had a proteobacterial origin. All of the nifH sequences obtained from the Douglas fir forest litter localized in a distinct phylogenetic cluster characterized by the nifH sequences of members of the genera Rhizobium, Sinorhizobium, and Azospirillum. The nifH sequences obtained from soil were found in two additional clusters, one characterized by sequences of members of the genera Bradyrhizobium, Azorhizobium, Herbaspirillum, and Thiobacillus and the other, represented by a single nifH clone, located between the gram-positive bacteria and the cyanobacteria. Our results revealed the distinctness of the nitrogen-fixing microbial populations in litter and soil in a Douglas fir forest; the differences may be related to special requirements for degradation and mineralization processes in the plant litter.
Nitrogen fixation is performed by phylogenetically diverse groups of prokaryotic organisms belonging to the domains Bacteria and Archaea (9, 30) . Different growth requirements resulting from the different physiological properties of these prokaryotic microorganisms preclude their simultaneous cultivation (14, 27) . In addition, the likelihood that some of these microorganisms are nonculturable (23) makes a general culture approach for evaluating nitrogen-fixing populations impractical, even though many important contributions to the characterization of nitrogen-fixing prokaryotes have been based on traditional culture techniques (14, 27) .
Most forest soils are ecosystems in which nitrogen availability is limited (7) . Nitrogen may become available through decomposition of organic material or fixation of molecular nitrogen. The low nitrogen contents of coniferous plant litter and the loss of nitrogen through mineralization contribute to its limited availability. Learning more about the organisms involved in nitrogen fixation in forest systems and about how anthropogenic activities may influence them is important in evaluating the long-term productivity of temperate coniferous forests. Perhaps not all input sources of fixed nitrogen in forest ecosystems have been described, and our understanding of the nitrogen fluxes in these systems is incomplete (5) . Relating experimentally determined indigenous nitrogenase activities and nitrogen accumulation to the expected activities of known free-living and associative nitrogen fixers in forest systems leaves portions of the N input unaccounted for (5) .
Molecular ecology has provided methods for analyzing environmental DNA extracts for specific gene pools (21) . Since nitrogen fixation is exhibited by phylogenetically heterogeneous groups of prokaryotes, detection of a marker gene that is unique and is required for nitrogen fixation may provide a way to analyze the nitrogen fixation potential in an ecosystem. For evaluation of nitrogen-fixing populations in the environment, analysis of nifH, the gene encoding nitrogenase reductase, has been used with various PCR primers that amplify this gene from both microorganisms and environmental samples (13, 20, 25, 33) . Due to the vast phylogenetic differences among nitrogen fixers, the sequences of nifH genes have diverged considerably (33) , and even the DNA sequences encoding conserved protein regions may differ due to codon redundancy for most amino acids. The design of universal nifH primers requires a high degree of DNA sequence degeneracy and may result in reduced specificity during PCR amplification. However, the use of more sophisticated amplification protocols may make it relatively simple to study the complexity of nitrogenfixing microorganisms in a given ecosystem.
Here we describe a protocol for general and selective PCR amplification of nifH gene fragments followed by a restriction fragment length polymorphism (RFLP) analysis. This PCR-RFLP protocol was used to analyze nifH gene pools in plant litter and soil samples obtained from a U.S. Environmental Protection Agency (EPA) experimental Douglas fir forest site on the western slope of the Oregon Cascade Mountain Range (18) . Our results revealed novel insights into the genetic heterogeneity of the nitrogen fixation potential in forest ecosystems and demonstrated the power of molecular ecology analyses to detect and distinguish groups of nitrogen-fixing taxa in related habitats.
MATERIALS AND METHODS
Sampling and sample preparation. Plant litter and soil cores (2.5 by 20 cm) were obtained on 3 days between May 1996 and September 1996. Samples were obtained from eight field plots (1 m 2 each) at a U.S. EPA experimental Douglas fir forest site that was 40 by 50 m (18) . At each plot, three soil cores and the overlying litter were collected. Each core was split into a topsoil portion (0 to 10 cm) and a deeper soil portion (10 to 20 cm). Corresponding samples from the three cores from each plot were pooled and mixed in a clean plastic bag. The samples were stored on ice, and DNA extraction was initiated within 24 h. Dry weights were determined from subsamples following drying at 110°C for 24 h.
DNA extraction. Bulk DNA was extracted from 0.5 g (dry weight equivalent) of soil and 1 g (dry weight equivalent) of litter and was purified as described previously (22, 29) . Briefly, crude DNA was obtained by using a hot extraction procedure performed with 2% sodium dodecyl sulfate, 250 mM NaCl, 100 mM EDTA, and 350 mM guanidine isothiocyanate at 68°C. The extracts were dissolved in 1 ml of TE (10 mM Tris, 1 mM EDTA; pH 8) per g (dry weight equivalent) of extracted sample. Crude DNA extracts were partially cleaned by chloroform extraction, polyethylene glycol 8000 precipitation, and filtration with Microcon 100 microconcentrators (Amicon, Beverly, Mass.). For each sample day, three composite DNA samples (litter, topsoil, and deeper soil) were prepared by mixing equal volumes of the eight purified bulk litter or soil DNA samples to produce a pooled sample that was representative of either the litter or soils obtained that day.
Nested PCR amplification. Fragments of nifH genes were amplified by using nested PCR (4, 10) . Three primers were used; these primers were originally developed by Zehr and McReynolds (33) and Ueda et al. (25) . The lengths and degeneracies of the primers were adjusted for simultaneous use in a nested PCR, and the primers were designed to perfectly match all control nifH sequences shown in Fig. 1 (1, 6, 25) . The first PCR was performed with the forward primer nifH(forA) (GCIWTITAYGGNAARG GNGG; positions 19 to 38; degeneracy, 128 times) and the reverse primer nifH(rev) (GCRTAIABNGCCATCATYTC; positions 463 to 482; degeneracy, 48 times). The second (nested) PCR was performed with the forward primer nifH(forB) (GGITGTGAYCCNAAVGCNGA; positions 112 to 131; degeneracy, 96 times) and the same reverse primer that was used in the first reaction. The first reaction amplified nucleotides 19 to 482 (464 bp), and the nested reaction amplified nucleotides 112 to 482 (371 bp). The final PCR cocktails contained 1ϫ reaction buffer (Boehringer Mannheim, Indianapolis, Ind.), each deoxynucleoside (Boehringer Mannheim) at a concentration of 200 nM, and each degenerated oligonucleotide primer mixture at a concentration of 1 mM. For the first PCR, 5 mg of bovine serum albumin (Sigma Chemical Co., St. Louis, Mo.) per ml was added (29) , and the reaction volume was adjusted to 20 l. These low-volume reactions were performed with an oil overlay. For the nested PCR, 0.3 mg of bovine serum albumin per ml was added, the reaction volume was adjusted to 95 l, and no oil overlay was used. Amplification was performed by using a low-stringency PCR protocol and a model MJR PT-100 thermal cycler with Hot Bonnet (MJ Research, Inc., Watertown, Mass.) operated with block temperature control. After the initial denaturation consisting of 5 min at 95°C, samples were kept at 80°C to have hot start conditions when 5 l of the enzyme solution (1 U of Taq DNA polymerase in 1ϫ reaction buffer [Boehringer Mannheim]) was added. The cycling conditions used for both reactions were as follows: denaturation for 11 s at 94°C and for 15 s at 92°C, annealing for 8 s at 48°C and for 30 s 50°C, and extension for 10 s at 74°C and for 10 s at 72°C. A final 10-min extension step at 72°C was performed after the cycling steps and before the samples were maintained at 4°C. The first PCR was performed for 40 cycles with a 25-l reaction mixture containing 2 l of purified bulk DNA. The nested reaction was performed for 35 cycles with a 100-l reaction mixture containing 2 l of the first PCR product as the template. The quality and quantity of the amplification products were analyzed on 2% UltraPure agarose gels (Gibco/ BRL, Life Technologies Inc., Gaithersburg, Md.). The nested PCR approach was tested and was found to amplify nifH gene fragments from pure cultures of 23 reference strains representing 14 proteobacterial genera and two gram-positive genera.
RFLP analyses. Ninety microliters of each PCR product was mixed with 90 l of precipitation solution (20% polyethylene glycol 8000, 2.5 M NaCl), incubated for 30 min at 37°C, and microcentrifuged at 8,000 ϫ g for 15 min. The pellets were washed with 70% ethanol and air dried. A restriction analysis was performed by resuspending each air-dried pellet in 40 l of a restriction enzyme mixture containing 1ϫ restriction enzyme buffer and 2 U of restriction endonuclease. Either HaeIII with buffer M at 37°C or TaqI with buffer B at 65°C (Boehringer Mannheim) was used, and digestion was performed overnight to ensure that complete fragmentation occurred. RFLPs were analyzed in 4% MetaPhor gels (FMC Bioproducts, Rockland, Maine) by using the manufacturer's recommendations.
DNA cloning and sequencing. PCR products obtained from selected litter, topsoil, and deeper soil samples were cloned without prior purification by using a TA cloning kit (Invitrogen Co., San Diego, Calif.) according to the manufacturer's recommendations. Libraries were screened by adding very small amounts of white bacterial colonies to 50-l PCR amplification mixtures prepared as described above for the nested PCR with primers nifH(forB) and nifH(rev). Amplification was performed by using 30 amplification cycles and the conditions described above. The PCR products were analyzed on 2% UltraPure agarose gels, and the products of nifH-positive clones were subjected to RFLP analyses as described above. The clones were classified on the basis of their HaeIII restriction patterns, which were designated patterns I, II, III, etc. Clones with sequences that were not cleaved by HaeIII (pattern I clones) were subjected to TaqI digestion as described above. The different patterns resulting from these analyses were used to further differentiate the clones and were designated patterns Ia, Ib, Ic, etc. Plasmid DNA of selected clones were purified by using Qiagen 100 plasmid midiprep columns as recommended by the manufacturer (Qiagen, Inc., Chatsworth, Calif.). The sequences of both strands of the cloned nifH PCR products, which were approximately 370 bp long, were determined by using the T7 and M13 reverse sequencing primer sites of vector pCR 2.1 (Invitrogen Co.). Sequences were determined at the Center for Gene Research and Biotechnology, Oregon State University, Corvallis.
DNA sequence analyses. DNA sequence information was used to perform various analyses. The RFLP patterns of cloned nifH fragments were confirmed by using sequence-based theoretical restriction fragmentation with MacDNASIS, version 3.6 (Hitachi Software Engineering America, Ltd., San Bruno, Calif.). Theoretical fragmentation patterns were calculated and arranged as fragment sizes on a logarithmic scale. DNA sequences were checked for the correct open reading frame, translated, and aligned by using MacDNASIS, version 3.6. The 110-amino-acid aligned sequences (excluding the primer sites) were used for phylogenetic analysis with TREECON (26) . Pairwise protein sequence distances (12) and unweighted pair group with mathematical average cluster analysis of 100 bootstrap samplings were used to determine the phylogenetic relationships of the 24 new nifH sequences and 43 known sequences retrieved from GenBank (GenBank accession numbers are shown Fig. 1 ).
Nucleotide sequence accession numbers. The nucleotide sequences of the 24 new nifH clones have been deposited in the GenBank database under the following accession numbers: A1, AF099775; A2, AF099776; A5, AF099777; A7, AF099778; A10, AF099779; A25, AF099780; A37, AF099781; A39, AF099782; A47, AF099783; B1, AF099784; B3, AF099785; B9, AF099786; B10, AF099787; B12, AF099788; B13, AF099789; B18, AF099790; B21, AF099791; B25, AF099792; B30, AF099793; B34, AF099794; B55, AF099795; C1, AF099796; C5, AF099797; and C20, AF099798.
RESULTS
Amplification of nifH gene fragments by using a nested PCR approach. Samples were obtained from the experimental field plot on the west side of the Oregon Cascade Mountain Range three times in 1996. A gel analysis of pooled extracted bulk DNA obtained on the first sampling day (15 May 1996) is shown in Figure 2a . A nested PCR approach performed with degenerate primers was used to amplify nifH gene fragments from the bulk DNA. The first amplification was performed with nifH PCR primers nifH(forA) and nifH(rev) and usually yielded multiple amplification product bands and some lesswell-resolved background smearing (Fig. 2b) . The nested PCR amplification was performed with nifH PCR primers nifH (forB) and nifH(rev); for all three layers (i.e., litter, topsoil, and deeper soil) this amplification yielded single product bands at the expected nifH gene fragment size, about 370 bp (Fig. 2c) . This specificity permitted us to perform RFLP analyses directly with the nifH PCR products and thus facilitated evaluation of the amplified gene pools.
RFLP analysis of nifH PCR products from bulk DNA extracts from forest litter and soil. As shown in Fig. 2 for the first sampling day, nifH gene pools were amplified from the three sample types obtained on each of the three sampling dates (15 May 1996 , 8 July 1996 , and 3 September 1996 . RFLP analyses of the amplification products with restriction endonuclease HaeIII revealed that the litter samples reproducibly yielded very similar patterns that were different from the patterns obtained with the samples derived from the underlying soil (Fig. 3) . The main differences between the litter and soil patterns were an intense band at about 280 bp (Fig. 3, arrowhead ) that was present in the litter sample fingerprints but not in the soil sample fingerprints and a series of bands between the 118-and 194-bp marker bands (Fig. 3, bar ) that appeared to be more abundant in the soil fingerprints (Fig. 3) . In addition, the litter samples yielded a highly reproducible pattern during this study (Fig. 3, litter lanes) . The RFLP patterns produced by forest soil DNA (Fig. 3 , topsoil and deeper soil lanes) were more variable over time but consistently exhibited the characteristic differences compared to the patterns produced by litter DNA. No clear difference between the patterns produced by the two soil layers was observed. These analyses indicated that there were detectable and stable differences between the nifH gene pools in the forest litter and soil samples. Characterization of nifH gene fragments amplified from bulk forest litter and soil DNA. To identify nifH genes that were responsible for the differences between the litter and soil RFLP patterns, the PCR products of selected subsamples of the three layers collected on the first sampling date were cloned. The resulting libraries were screened for nifH clones by using the second step of the nested PCR procedure followed by agarose gel analysis. A total of 50 colonies from the litter 
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nifH-SELECTIVE PCR OF ENVIRONMENTAL DNAlibrary were screened, and 42 (84%) of these were nifH positive. A total of 60 topsoil and 20 deeper soil colonies were screened, and 47 (78%) and 17 (85%), respectively, of these colonies were nifH positive. A total of 130 colonies were screened, and 106 (82%) of them contained a cloned nifH fragment. RFLP analyses of the 106 nifH clones revealed 20 different RFLP patterns of different abundance in the three libraries (Table 1) . Only two nifH gene fragments (characterized by patterns Ia and VIII) were obtained from both litter and soil samples. This finding supported the nifH RFLP results obtained with bulk DNA, which indicated that there were major differences in the nifH gene pools in forest litter and soil (Fig. 3) . The DNA sequences of 24 clones representing the 20 patterns (Table 1) obtained for the three different sample types were determined. The sequences obtained from the nested PCR products were all 368 bp long and represented a portion of the NifH open reading frame. The expected HaeIII RFLP fragmentation patterns of the 24 DNA sequences are shown on a logarithmic scale in Fig. 4 . These calculated patterns matched the patterns determined experimentally for each of the 24 clones. The position of the uncleaved PCR product (pattern I) is indicated by a large arrowhead in Figure 4 . Pattern I clones were clones that either were not cleaved by HaeIII or were cleaved only in the primer region. Such cleavage sites were not considered because they may have resulted from using degenerate amplification primers. The resulting small size differences (i.e., 10 and 16 bp) (Fig. 4 , small arrowheads) were not resolved on the agarose gels used. Consistent with the fingerprints obtained for the bulk DNA samples (Fig.  3) , only clones isolated from the litter library (clones A2, A5, A7, A10, and A37) yielded fragments whose sizes were in the size range between the 234-and 310-bp markers. Similarly, the characteristic soil patterns with fragments that were between 194 and 118 bp long (Fig. 3) are reflected by the data for the 24 nifH clones (Fig. 4) . All of the clones obtained from soil and that did not produce RFLP pattern I produced patterns in this size range (i.e., clones B1, B3, B9, B10, B12, B13, B25, B34, C1, and C20). Only clone A47 from the litter library produced a fragment in this size range; however, this clone produced pattern VIII, one of the two patterns obtained from both litter and soil samples.
For phylogenetic analysis, the sequences of the 24 clones were compared to 43 nifH sequences retrieved from GenBank. These sequences were derived from members of the Archaea, as well as gram-positive bacteria (high GϩC content and low GϩC content) and gram-negative bacteria (cyanobacteria and members of the class Proteobacteria). All 67 amino acid sequences encoded by the nested PCR product were aligned. The 110-amino-acid-long alignment of these sequences (excluding the primer sites) was used for phylogenetic inference. In the initial analysis, a phylogenetic tree containing the 43 control sequences was constructed. The results obtained with this 43-ϫ-110 data matrix revealed a clustering of the sequences which was consistent with the sequence descriptions and previously published NifH phylogenetic tree topologies (data not shown). In a second analysis step, the 24 cloned NifH sequences were included, which yielded a 67-ϫ-110 data matrix. After the analytical steps described above were performed, we obtained a phylogenetic tree that perfectly maintained the topology of the tree obtained for the 43 control sequences. The nifH clones isolated clustered on three branches that were specified by the proximity of control sequences (Fig. 1) . One group of sequences clustered with NifH sequences from members of the genera Rhizobium, Sinorhizobium, and Azospirillum (Fig. 1, group I) . All nine clones obtained from the litter library clustered with this group together with 4 of the 12 topsoil clones (B3, B25, B21, and B55). The second cluster was represented by a more diverse group of NifH sequences which were derived from members of the genera Bradyrhizobium, Azorhizobium, Herbaspirillum, and Thiobacillus (Fig. 1, group II) . Only clones that were isolated from the soil libraries (eight clones from topsoil and two clones from deeper soil) were present in this group. The third group was represented by nifH clone C5, which clustered between the gram-positive bacteria and the cyanobacteria (Fig. 1, group  III) . These results clearly confirmed that the nitrogen-fixing microbial taxa found in closely associated layers of forest litter and soil are distinct and were in strict agreement with the results of the RFLP analyses.
DISCUSSION
This molecular ecology study was undertaken in order to evaluate nifH diversity among nitrogen-fixing microorganisms in a Douglas fir forest. In order to increase the specificity and sensitivity of nifH detection, we developed a nested PCR approach based on previously described conserved primer target sites (13, 25) . As shown in Fig. 2b and c, this approach improved both the sensitivity and the specificity of nifH amplification. The improvements resulted in highly specific detection of nifH genes in bulk environmental DNA samples and allowed RFLP analyses and cloning to be performed without prior purification of the PCR products.
PCR amplification of gene sequences has proven to be a powerful tool, but if applied to mixtures of related genes, it may be biased by two known factors. One factor is the potential for preferential amplification of certain sequences, which prevents quantitative correlation of sequence abundance in the DNA sample and sequence abundance in the PCR product (24) . The results of our study clearly show, however, that RFLP fingerprints are reproducible and can have high diagnostic value (Fig. 3) . It is also important to note that the abundance of clones in libraries derived from PCR products does not necessarily reflect the abundance of the sequences in the samples analyzed. A second limitation is the possibility of chimera formation, which has been observed in PCR products (16, 19, 28) . Distinguishing these artifacts from natural variations in mixed PCR products with unknown but closely related sequences can be difficult. In this study the sequence NifH clone C5 clustered between the sequences of the gram-positive bacteria and the cyanobacteria and not close to known sequences (Fig. 1) . This may indicate that it represented a PCR artifact. However, close inspection of this sequence revealed no chimera when it was compared to other NifH sequences used or evaluated in this study. We believe that the NifH clone C5 sequence is a unique sequence with no previously described close phylogenetic affinities.
RFLP analysis of nifH PCR products from environmental samples is a powerful tool for assessing the presence and diversity of nitrogen-fixing microorganisms in ecosystems. Although this approach does not directly allow evaluation of functional aspects of the nitrogen-fixing populations in a sample, structural information on the gene pool and the potential for nitrogen fixation may be assessed. The number and positions of the RFLP fragments reflect the diversity and heterogeneity of the nitrogen-fixing populations in a sample. The RFLP analyses performed in this study yielded highly reproducible patterns (Fig. 3 ) over time and revealed clear differences between the nifH gene pools present in the litter and soil from the Douglas fir forest site. The differences are consistent with reports that the nitrogen fixation activities associated with forest litter and logs are greater than the nitrogen fixation activities associated with soil (11) . Nitrogen availability in litter may limit or regulate degradation processes (2, 3, 7) , and controlled nitrogen fixation may provide nutrient levels that allow optimal mineralization activities.
The differences between the nifH gene pools in the Douglas fir forest litter and soil reported here were consistent for the PCR-RFLP analyses of bulk DNA (Fig. 3) and cloned PCR products (Table 2 and Fig. 4) , as well as for the sequence data (Fig. 1) . This suggested that stable differences between the litter and soil nifH gene pools persisted over the course of this experiment. RFLP analysis of the cloned PCR products revealed patterns that contributed to the characteristic differences between the total litter and soil nifH fingerprints. Patterns II, III, and VI, which were produced only by members of the litter library, had fragments at 276 and 285 bp, and these fragments might have contributed to the bright band at about 280 bp observed in the litter sample fingerprints (Fig. 3 and 4) . Fragments in patterns IV (237 bp) and V (303 bp) may correspond to the weak bands that migrated above the 234-bp marker and below the 310-bp marker in the litter fingerprints. None of the patterns obtained from soil produced fragments between 234 and 281 bp. All of the soil clones produced either pattern I (5 clones not cleaved by HaeIII) or patterns IX to XV (10 clones), which produced fragments between 194 and 118 bp.
Cloning and sequencing of the nested amplification product were performed to obtain phylogenetic information on the nifH genes isolated from the samples. The approach that includes inferring phylogenetic information from gene sequences has been used particularly for the small-subunit rRNA sequence (17) . It has been shown that phylogenetic inferences based on NifH amino acid sequence information agree with rRNA data (25, (30) (31) (32) . The cluster analysis tree obtained with the 67-ϫ-110 data set was consistent with previous reports 
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nifH-SELECTIVE PCR OF ENVIRONMENTAL DNAbased on NifH phylogenies (20, 25) and clustered the sequences derived from members of distinct genera, such as the genera Clostridium, Frankia, Klebsiella, Azotobacter, and Rhizobium (Fig. 1) . Only a few sequences exhibited an irregular behavior; these sequences included the sequences of Anabaena sp., Nostoc sp., and Fischerella sp. in the cyanobacterial cluster and nifH clone C5, which clustered between the gram-positive bacteria and the cyanobacteria. Many of the bootstrap values obtained for the tree shown in Fig. 1 are rather low (Ͻ50%). This may be attributed to the large number (67) of relatively short (110-amino-acid) homologous sequences. However, very accurate and stable clustering of the sequences into the larger groups (i.e., the Proteobacteria, cyanobacteria, gram-positive bacteria, and Archaea) and at the genus level (e.g., the genera Clostridium, Frankia, Trichodesmium, Azotobacter, Klebsiella, Rhodobacter, and Azospirillum) was taken as an indication that this phylogenetic inference was valid (Fig. 1) . Most interestingly, the sequences that produced patterns II, III, and VI, which contained fragments (276 and 285 bp) in the size range characteristic of litter, clustered with sequences of members of the genera Rhizobium and Sinorhizobium, which are known plant root symbionts. The association of specific nitrogen-fixing microorganisms with Douglas fir litter may be related to the specific requirements for mineralization of plant litter. The correct taxonomic classification of organisms in the environment may be determined by isolation and polyphasic characterization (8) . The RFLP patterns identified in this study, together with the presumptive taxonomic identities, may facilitate screening for and subsequent isolation and detailed characterization of nitrogen-fixing organisms from forest litter and soil. The PCR-RFLP protocol used in the present study may also provide a rapid tool for detecting differences or changes in the nitrogen fixation potential in other environmental systems.
